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Abstract

Novel Reactions of TCNQ:-Formation of Zwitterions for Nonlinear Optics by Reaction with Enamines.
Marek Szablewski
Hitherto unreported reactions of enamines with the strong π acid 7,7,8,8- tetracyanoquinodimethane (TCNQ) have led to the formation of novel zwitterionic materials of significant importance for nonlinear optics. TCNQ has been found to react in an analogous manner to chloranil (2,3,5,6- tetrachloro-1,4-benzoquinone) with tertiary amines, abstracting protons from triethylamine to form an enamine. Subsequent reaction of the enamine with TCNQ is thought to proceed via a Stork enamine process. TCNQ, a highly conjugated nitrile, acts as a Michael acceptor to generate a zwitterionic product (1) . Enamines can also be generated in situ by the reaction of an aldehyde and a secondary amine prior to the addition of TCNQ. The highly polar zwitterions have large theoretical second order molecular hyperpolarisabilites and may be of interest in nonlinear optical applications, especially in frequency doubling of laser light for blue light generation. We now report a related reaction of TEA with TCNQ in chloroform (Scheme III)
:-to our knowledge the first reported reaction of TCNQ with a tertiary amine leading to the formation of the zwitterionic adduct 5 (DEMI-3CNQ) 9 . As in the reaction between chloranil and TEA, the electron acceptor, in this case TCNQ, abstracts protons from the TEA yielding the enamine and di-hydro TCNQ (TCNQH 2 ) 6 which has been identified in the crude reaction mixture by its characteristic peak at 317 nm in the UV/vis spectrum. Subsequent elimination of HCN from the initial addition product results in the formation of 5. The zwitterion 5 has also been synthesised by direct reaction of TCNQ with an enamine. In situ enamine formation (scheme IV) by the reaction of diethylamine with methanal yields the same enamine as shown in scheme II. The enamine attacks the TCNQ a highly conjugated nitrile and hence a Michael acceptor, resulting in the zwitterionic adduct 5 which is collected after recrystallisation as green-gold lustrous needles.
The TEA reaction has been followed by monitoring UV/vis spectra of aliquots of the reaction mixture. Initially the solution has the characteristic spectrum of TCNQ with a single absorption at 395 nm. After the addition of the amine the solution exhibits a colour change from yellow to green as the TCNQ peak rapidly diminishes. At this point the spectrum is that expected of TCNQ -species with peaks at 420 and 842 nm, which could be due to the formation of TCNQHmoities, probably intermediate in the formation of TCNQH 2 6 . The colour develops through turquoise to blue, accompanied by a gradual decrease in the bands at 420 and 842 nm and an increase in the charge transfer band at 698 nm.
Similarly to other zwitterionic donor-acceptor adducts of TCNQ 10 , 5 is characterised by a very distinctive broad charge transfer absorption band in the UV/vis spectrum. In contrast however to the previously reported pyridinium and quinolinium zwitterions, which exhibit a single broad peak, 5 has a band with two maxima (λ max 698 nm in acetonitrile) and a slight double shoulder on the short wavelength side of the band. Very little absorbance occurs immediately on either side of these intense transitions. The infrared spectrum of 5 shows a doublet at the C=N stretching frequencies at 2185.7 & 2155 cm -1 . Such a doublet is characteristic of zwitterionic materials containing the dicyanomethanide group 10 .
The structure of 5 has been unequivocally verified by X-ray crystallography 11 , mass spectrometry, elemental analysis and 1 H NMR. 
